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[57] ABSTRACT 

Interference from frequency modulated transmitter 
signals, such as radar jamming signals, is cancelled in a 
nearby receiver by orthogonally related cancellation 
signals derived from the transmitter signal. The cancel- 
lation signals are controlled or modulated by corre- 
sponding cancellation modulation signals derived from 
the transmitter frequency modulation signal superposed 
on weighting signals. The employment of the transmit* 
ter frequency modulation signal as part of the cancella- 
tion modulation signals reduces cancellation error re- 
sulting from differences in frequency dependent delay 
shift in different transmission paths for the interfering 
signal and the cancellation signal. 

3 Claims, 1 Drawing Figure 
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CANCELLATION SYSTEM FOR TRANSMITTER ^^^^^^SJ^J^T}}^^!^^^^^^^ 



INTERFERENCE WITH NEARBY RECEIVER 



EMBODIMENT 



As illustrated in the drawing, one embodiment of the 
STATEMENT OF GOVERNMENT INTEREST 5 invention include a interference cancellation circuit 
The U.S. Government has rights in this invention indicated generally at 10 for cancelK^^ 
pursuant to Contract No. N0012V81.C^837 awarded '^^f m erference signals 11 picked up by a receiver 
bv the Department of Navy antenna 12 which is near the transmitter antenna 13. 

. . The interfering signals 11 are generated by a frequency 

BACKGROUND 10 modulated transmitter, such as a radar or communica- 

1. Field of the Invention tions jamming signal trans^^^^ 

This invention relates to systems for eliminating inter- »*' *5 ""f^ljf '^f fj" «>. *e 

ference in receiver signals from , adjacent transmitters. '"terf^nng signals U woiJd substanually mterfere with 
- , - r • *• * J J • • or reduce the sensitivity of a receiver 15 receiving de- 

for example, for elmunatmg transmitted rmiar jamming ,5 ^^^^ a frequency close to the jamiiing 

signals from a receiver on an airplane. signal frequency ^ ^ \ ^ 

2. Description of the Prior Art The jamming iransmitter typically includes a voltage 
In situauons where a receiver antemia must be lo- ^^^^ J^^^ ^ Jj^^^^ ^^^^ (^^^^^ modulated by a 

cated near to a transmitter antenna, such as on an air- ^^^^^^^^^ ^^Hved from a Gaussian noise source 
plane, the transmitted signal is picked up by the recen^er ^ ^^^^ ^ a nonlinear amplifier 20. D.C. voltage is 

antenna reducing the sensitivity of the receiver. One y^^^ the VCO input at 21 to set the center fre- 

techmque for eliminating the interfering transmitter quencyofjamming.Theoutputofthe VC017isampli. 
signal from the receiver IS to insert a can^^ ^^^.^ ^ jj^^^^ 22 which drives the 

derived from the transmitter signal into the receiver . transmitter antenna 13 to radiate the radar or communi- 
mput with opposite phase to cancel the interfering sig- ^5 cations jamming signals. In some instances such as on an 
naJ. However the cancellation signaldenved from the ^^^^^^^ receiving antenna 12 must be located near 
transmitterand the mterfenng signal from the transrnit- transmitter antenna 13.^ The portion 11 of the 

ter take different paths through different medi^ such as ^^^^^^^ ^^^^^^ f^^^ transmitter antenna 13 are 
free space, wave guide, coaxial cable, etc., and the ve- ^^^^^^ ^y the receiver antenna 12 and, if not can- 
locmes of propagation ih th^e media do not^all vary m 30 ^n^^ ^^^^^ j^e sensitivity of the receiver 15 to receive 
the same way as a function of the transmitterfrequency ^^^^^^ ^^^^^^ jg ^ near frequency. To overcome 

Thus for frequency varymg transmitters, the delay of this interference, the prior art has coupled a portion of 
the cancellation signal will not con-espond to the delay j^e transmitter signal through another path, Le. wave 
of the mterfenng signal for a certam portion of the ^^^^^^ coaxial cable, etc. with a delay to the receiver 
mterfenng signal, preventing the cancellation thereof. 35 input so as to cancel or subtract the interfering signal; 
SUMMARY OF THE INVENTION cancellation path is selected to produce a delay 

which results in the cancellation signal being added to 
The invention is summarized in a system for cancel- the receiver input with a 180* phase shift from the 
ling interference in a receiver from a nearby transmitter picked up interfering signal to thereby cancel the inter- 
which is frequency modulated wherein the transmitter 40 fering signal. The delay, path is fixed at the transmitter 
niodulating signals utilized with appropriate weighting operating frequency. The propagation speed for the 
signals to amplitude modulate a pair of orthogonally transmitted signals varies differently in different medias 
related cancellation signals to compensate for unequal with different frequencies: For example when the trans- 
frequency dependent delay variation in the cancellation mitter operating frequency changes, the propagation 
and interfering paths. 45 speed of the signal in a coaxial cable in the cancellation 

An object of the invention is to construct an interfer- path changes by a different amount than the propaga- 
ence cancellation system for eliminating nearby trans- tion speed of the signal in the air or space between the 
mitter signals picked up by a receiver wherein the delay transmitting and receiving antennas. Thus when the 
mismatch due to differing propagation media is over- transmitter frequency is shifted from the carrier fre- 
come. 50 quehcy, the delay in tie cancellation path will no longer 

Another object of the invention is to compensate for result in the cancellation signal being exactly 1 80' out of 
delay mismatches on a continuous basis as the transmit- . phase with the interfering signal, 
ting operating frequency varies to cancel interfering In accordance with the present invention, the cancel- 
transmitter signals in a receiver. lation circuit 10 includes a coupling device 34 for re- 
One advantage of the invention is that utilization of 55 ceiving a portion of the transmitter signal. This trans- 
the transmitter modulating signal to modulate cancella- . mitter signal portion is applied direcUy to one line 38 
tion signals results in substantially iniproved cancella- while a 90* phase angle shifter 40 shifts the transmitter 
tion of the interfering signal picked up from a transmit- signal by 90°^ and applies it to a second line 42; thus lines 
ter. 38 and 42 conduct cancellation signals which are or- 
Other objects, advantages and features of the inven- 60 thogonally related. The transmitter modulation signal 
tion will be apparent from the following description of from the nonlinear amplifier 20 is coupled by a blocking 
the preferred embodiment taken in conjunction with the capacitor 43 to a variable delay device such as a voltage 
accompanying drawing. controlled delay line 44 having its output divided into 
TiT> rcir T^x7cr'l> Timr\M /m? nra tm> a u/tm/- separate control circuits 46 and 48 to respective modu- 
BRIEF DESCRIPTION OF THE DRAWING lators 50 and 52 in the respective lines 38 and 42. The 
-The drawing is a block diagram of an interference circuits 46 and 48 include respective modulators 54 and 
cancellation system constructed in accordance with the 56 and respective adding circuits 58 and 60 for control- 
invention. : ling the modulators 50 and 52 to control the amplitude 
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of the respective orthogonal cancellation signals in lines 
38 and 42. These orthogonal cancellation signals are 
combined and filtered in the adding circuit 62 to pro- 
duce a cancellation signal which is then combined with 
the receiver input signal by the subtracter 63 in the 
receiver input. The cancellation signal at the subtrac- 
tion point 63 resulting from the combination of the 
orthogonal signals in lines 38 and 42 has a phase which 
is selected by the relative amplitudes of the signals in 
lines 38 and 42. Since these amplitudes, and thus the 
phase of the cancellation signal, are modulated by the 
transmitter modulation signal, the delay in the cancella- 
tion signal at the siibstraction point 63 is varied to com- 
pensate for frequency varying differences in delay in the 
corresponding paths for the cancellation and interfer- 
ence signals. 

A control 64 provides D.C. voltages or slowly vary- 
ing voltages on lines 66, 68, 70, 72 and 74 for controlling 
the amount of delay, the amplitude, and the average 
level of the frequency modulation signal transmitted on 
lines 46 and 48 and controlling the modulators or con- 
trols 50 and 52. The signals on lines 66, 68, 70, 72 and 74 
are set, either manually or automatically, so as to mini- 
mize the average value of the residual Jammer interfer- 
ence power coming out of the canceller 63 and deliv- 
ered to 64 on line 76. For automatically setting the 
voltages on lines 66, 68, 70, 72 and 74, control 64 will 
contain some device, such as a rectifier and lowpass 
smoothing filter, to measure the average power over 30 
some selected time interval, as well as some servo mech- 
anism slowly varying the voltages 66, 68, 70, 72 and 74 
until minimum power is reached on line 76. For manu- 
ally setting the voltages, the control may contain a 
power meter and potentiometers which may be ad- 
justed until a minimum power reading is obtained. 

From the transmission signal pickup point 34, the 
interference signal received by the receiver takes path 
80 to the subtraction point 76 while the cancellation 
signal takes path 82. Although the length of a path 
similar to 82 could be designed for a single signal to 
substantially cancel the interfering signal over a small 
operating frequency range, the interfering and cancella- 
tion signals travel over different paths of dissimilar 
media such as free space, waveguide, coaxial cable, etc. 
and the velocities of propagation in these media do not 
all vary in the same way as a function of operating 
frequency which varies substantially. The present can- 
cellation technique, employing orthogonally related 50 
cancellation signals which can be combined in varying 
proportions to obtain a cancellation signal with a vary- 
ing phase corresponding to the frequency dependent 
shift in phase of the interfering signal, substantially 
overcomes or reduces the problem of different delay 55 
shift as a function of the transmitter frequency in the 
interference and cancellation circuit paths. 
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It has been determined mathematically that the pres- 
ent cancellation system, under substantially ideal condi- 
tions, can provide twice the dB cancellation, less 6dB, 
that is obtainable from a system which does not employ 
compensating modulation of the phase of the cancella- 
tion signal by the transmitter modulation signal. 

Since many modifications, variations and changes in 
detail may be made to the above described embodiment, 
it is intended that all matter described in the foregoing 
description and shown in the accompanying drawings 
be interpreted as illustrative and not in a limiting sense. 

What is claimed is: 

1. A system for cancelling interference in a receiver 
input from a nearby transmitter producing a transmitter 
signal which is frequency modulated by a transmitter 
modulation signal, the system comprising: 

a receiving antenna; 

first . deriving means for deriving a first signal repre- 
sentative of the transmitted signal; 

cancellation signal means for deriving cancellation 
signals from said first signal, said cancellation sig- 
nals comprising second and third signals bearing an 
orthogonal phase relationship therebetween; 

second deriving means for deriving a fourth signal 
representative of the modulation associated with 
said transmitted signal; 

said fourth signal being coupled through variable 
delay means for incorporating a selectable amount 
of delay into said fourth signal; 

cancellation modulation signal means for deriving 
cancellation modulation signals from said fourth 
signal, said cancellation modulation signal means 
comprising fifth and sixth signals; 

first and second modulator means; 

second signal and said fifth signal being applied to 
said tirst modulator means; 

said third signal and said sixth signal being applied to 
said second modulator means; 

first adding means for adding the respective outputs 
of said first and second modulator means; 

subtractor means for subtracting the output of said 
first adding means and the output of said receiving 
antenna; 

the output of said subtractor being fed to the input of 
said receiver. 

2. A system for cancelling interference as set forth in 
claim 1, further comprising: 

sensing means coupled to the output of said sub- 
tracter means; 

the output of said sensing means being coupled to said 
fifth and sixth signals via respective third and 
fourth modulating means. 

3. A system for cancelling interference as set forth in 
claim 2, wherein: 

a further output of said sensing means is coupled to 
said variable delay means. 

* * * » « 
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